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Abstract 
The present work is intended to describe the functional aspects and working principles of special microfluidic 
structures applicable to dilute and transport real biologic sample (e.g. whole blood) to subsequent functional parts of 
the sample preparation system or the sensing areas of biosensors. According to the preliminary expectations the 
fluidic layouts consisted of different advanced chaotic mixer systems and fabricated in PDMS polymer. The 
performance of the fluidic structures was characterized by experimental methods and numerical modeling. The 
particle transport in the different mixer structures was visualized and the results were explained by simulation of the 
particle motion. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The manipulation of fluids (e.g., biological samples as blood) in bioanalytical systems is a key issue in 
terms of the final applicability of these devices. According to the clinical requirements, the developments 
aim to apply the simplest analyte at the inlet of the system as whole human blood. In these novel 
analytical microsystems the sample manipulation is performed by complex microfluidic structures (Lab-
on-a-Chip), integrating the main sample preparation tasks as dilution, mixing, blood plasma separation 
and precise transport also. To improve the performance of the proposed (Zweifach-Fung bifurcation effect 
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based) blood plasma separation system [1] the whole blood has to be diluted for an adequate haematocrit 
level, so diluting and mixing function has to be optimized as well. The mixing possibilities are limited in 
the microscale, since turbulent flow cannot be built up due to the dominant viscosity. Chaotic advection 
[2] can be an optimal mixing method in the case of microfluidics considering stable and laminar flow in 
low Reynolds regime also. 
2. Fabrication 
Herring-Bone type and staggered T-mixer chaotic mixer structures were characterized to reveal the 
motion trajectories and the mixing behavior of the biological particles (fungi cells in this case) in the 
microfluidic systems. The experimental microfluidic systems (see Fig. 1) were fabricated by Rapid 
Prototyping in PDMS.  
 
 
Fig. 1. The realized PDMS based microfluidic test system containing chaotic mixer structure. 
 
SU-8 epoxy based negative photoresist was applied as moulding replica (Fig. 2) for shaping the 
microfluidic channels and the complex mixer structures. For realising the Herring-Bone type mixer multi-
layer SU-8 structure was developed. 
 
 
             (a)                (b) 
Fig. 2. Moulding replicas for Herring-Bone type (a) and staggered T-mixer (b) structures fabricated by SU-8 multilayer technology. 
3. Results 
The physical phenomena related to particle motions in the chaotic mixer structures were characterised 
experimentally by mixing / interlocking fungi solution with phosphate buffered salt solution. Particle 
traces were visualized by dark field microscopy as demonstrated in Fig. 3. The recorded light intensity 
scattered from the corpuscular particles can indicate the local concentration distribution of the fungi cells. 
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Fig. 4 presents the vertically integrated light intensity in the cross sections of the Herring-Bone type and 
staggered T-mixer channel at the inlet and the outlet planes referring to the particle distribution. 
 
    
            (a)                 (b) 
Fig. 3. Particle traces in the Herring-Bone type (a) and staggered T-mixer structures 
(inlet: top and outlet: bottom) recorded by dark field microscopy. 
 
    
                      (a)                       (b) 
Fig. 4. Relative light intensity scattered from the fungi cells referring the particle distribution 
in the cross section of the Herring-Bone type and staggered T-mixer structures (at the inlet and outlet planes). 
 
The mixing performance and particle tracing in the different structures were analyzed by Finite 
Element Modeling using COMSOL Multiphysics. The projection of the particle traces onto the plane 
perpendicular to the main flow direction is clearly presents the mixing states evolving in the fluidic 
system. Poincare maps, applying 1000 particles for the numerical representation, are shown in Fig. 5. 
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(a)     (b) 
Fig. 5. The Poincare maps represent the particle mixing in the plane perpendicular to the channel direction 
and heading with the flow front: Herring-Bone type (a) and staggered T-mixer (b). 
4. Conclusion 
The mixing performance of Herring-Bone and staggered T-type chaotic mixers were characterised 
experimentally and described by FEM modeling. The developing particle distribution in the microfluidic 
structures were recorded by dark field microscopy and the results were verified through the simulation of 
the particle trajectories. The efficiency of the Herring-Bone type mixer were found higher and the 
modeled trajectories of the individual particles could confirm the experimental results considering the 
main hydrodynamic effects as pressure gradients and shear forces. 
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